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• IHK/McKernel
• 最新情報

• Process in Process (PiP)
• 新しい並列実行環境の紹介
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Linuxカーネルの問題点  4

● Linux はころころ変わる
● 頻繁かつ大胆に変わる

● Linux カーネルを改変し，かつ，catch-up するのは非常に大変

● 多様なハードウェア
● 次々に現れるデバイスハードウェア

● デバイスドライバの作成にはH/Wの詳細な情報が不可欠

● Linux カーネルを改造するのは非常に大変
● プロダクトとしては不可能に近い

● しかしながら，言語環境，実行環境は Linux を継承したい
● 環境も作るのは大変
● Linux API/ABI との互換性をどのように実現するか？



軽量カーネルの問題点  5

● 軽量カーネル
● 必要最小限の機能のみを提供

● 利点
● 小さいので，改変（カスタマイズ）が容易

● 欠点
● 独自カーネルなため，ソフトウェアエコシステムがない（独自

ABI）
● 汎用デバイスドライバ
● ソフトウェアツール
● その他オープンソースソフトウェア
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背景  7

● HPCシステムの複雑化への対応 
● 並列性の増大 

● コア数とノード数 
● メモリ階層数の増大 
● 電力制約 

● アプリケーションの複雑化 
● 新しいプログラミングモデルの導入 

● 例：In-situデータアナリティクス、 
      ワークフロー 

● 周辺ソフトの複雑化 

   これらの要件を同時に満たせるか？ 

少数のコアをOS専用としても，そのオーバヘッ
ドは無視できる（1/32コアで3パーセント）

Linux API で開発されることが多いた
め、Linux との ABI 互換性が重要

スケーラブルで安定した性能の提供と 
新ハードウェアへの迅速な対応がカギ

既存の膨大なツールチェインがそのま
ま使えることが重要
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McKernel のアーキテクチャ  9
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1. Interface for Heterogeneous Kernels (IHK): 複数の異種OSを持つためのフレームワーク 

▪ ノード資源のパーティショニング 
▪ LWKの管理（例：カーネルの起動、停止)
▪ LWKとLinuxの間の通信機構（Inter-kernel communication, IKC)の提供 

2. McKernel: スクラッチから開発されたHPC向けLWK
▪ ノイズレス 

▪ 性能クリティカルなシステムコールのみMcKernelで動作、他はLinuxにオフロード
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CCS-QCD (Hiroshima University)
● Lattice quantum chromodynamics code – weak scaling 
● Up to 38% improvement
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miniFE (CORAL benchmark suite)
● Conjugate gradient - strong scaling
● Up to 3.5X improvement (Linux falls over.. )
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 12Single node: McKernel outperforms Linux across the board → multi-node Lammps 
suffers from network offloading..
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IHK/McKernel - まとめ  13

● Xeon Phi 上でも動作

● Knights Landing (KNL) 最新メニーコアCPU
● Linux+IHK/McKernel

● LinuxコアでMapReduce，IHK/McKernelコアで並列アプリという動作でも，Linux だけよりも性
能独立性が高い

● Linuxよりはるかに単純なので，変更，機能追加が容易

● IHK/McKernel：約 8 万行

● Linux：2100万行！！（http://news.mynavi.jp/news/2016/04/11/130/）

● より高いLinuxコンパチビリティ

● Procfs および numa 機能の実装など

● 実用性
● Linux を reboot せずに IHK/McKernel を boot できる

● 実戦配備
● Oakforest-PACS（東大・筑波大）で採用

● ポスト京コンピュータでも採用される予定

http://news.mynavi.jp/news/2016/04/11/130/
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Process in Process
(PIP)



背景  15

● メニーコアの台頭
● これまでのノード内並列モデルのままで良いのか？
● マルチプロセス（MPI）、マルチスレッド（OpenMP）



 壁と線  16

遮蔽のための壁

区切りの線
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PiP は可搬性が高い  18

● 完全にユーザレベルのライブラリ
● これまでの実装は、特殊なOSカーネルや専用のコンパイラが必
要

HPDC ’18, June 11–15, 2018, Tempe, AZ, USA A. Hori, M. Si, B. Gerofi, M. Takagi, J. Dayal, P. Balaji, and Y. Ishikawa

accesses, and (2) a program follows the multiprocess model where
static variables are intensively used. PiP has no advantage over the
multithread model in the former case, however, the latter can be
dramatically optimized by using PiP with only small code recon-
struction — something no other existing technique can achieve, as
demonstrated in the hybrid MPI+Threads example.

The majority of hybrid MPI+Threads-based applications still
follow the MPI funneled safety to work around the performance
issues in multithreading safety. However, such an approach can no
longer satisfy the network throughput, especially on many-core
architectures where performance highly relies on the concurrence
of a large number of low-frequency cores polling the network. Thus,
an increasing number of applications are being built by using the
multithreading mode [26], and PiP will be the ideal tool to maximize
communication performance.

5 EXPERIMENTAL SETTING
We used four experimental platforms to cover several OS kernels
and CPU architectures in our evaluation, as listed in Tables 2 and 3.
The Linux kernel on the K computer is old, and we gave up trying
to install the patched Glibc. The CPU of the K computer supports
only eight cores, thus PiP without the patched Glibc can still utilize
all CPU cores.

McKernel is a multikernel that runs Linux with a lightweight
kernel side by side on compute nodes [17]. In the experiments
with McKernel on Wallaby, McKernel was con�gured to run on 14
cores out of 16, and the Linux kernel ran on the remaining 2 cores.
Since the current McKernel is unable to handle the clone() �ag
combination described in Section 3.3, the PiP programs ran in the
thread execution mode.

We report the results of each experiment by averaging 10 execu-
tions, unless otherwise stated.

Table 2: Experimental platform hardware information
Name CPU # Cores Clock Memory Network
Wallaby Xeon E5-2650 v2 8⇥2(⇥2) 2.6GHz 64 GiB ConnectX-3
OFP† Xeon Phi 7250 68(⇥4) 1.4GHz 96(+16) GiB Omni-Path
K [44] SPARC64 VIIIfx 8 2.0GHz 16 GiB Tofu

Table 3: Experimental platform software information
Name OS Glibc PiP Exec. Mode(s)
Wallaby Linux (CentOS 7.3) w/ patch process and thread
Wallaby McKernel+CentOS 7.3 w/ patch thread only
OFP† Linux (CentOS 7.2) w/ patch process and thread
K XTCOS w/o patch process and thread

† Oakforest-PACS (OFP) http://jcahpc.jp/eng/ofp_intro.html. The �at mode was
used in the showcase evaluations in Section 7.1 and 7.3 without using MCDRAM
(16GiB). The other evaluations were done with the cache quadrant mode.

6 PIP PERFORMANCE ANALYSIS
We evaluate the characteristics of PiP by using a set of in-house
microbenchmarks.

6.1 Setup Overhead
In this microbenchmark, the root task created and initialized a 2 GiB
shared array with integer elements, and then a child task summed

members of the array, assuming that the root task sent integer
data to the child task via the allocated region. We implemented the
XPMEM based and POSIX shmem based versions. Table 4 shows
the times spent in the XPMEM and POSIX shmem functions. PiP
also provides the XPMEM APIs so that the XPMEM version can be
easily linked to PiP. Most of the XPMEM functions provided by PiP
do almost nothing, and the overhead of each function is only 40–80
clock cycles.

Table 4: Overhead of XPMEM and POSIX shmem functions
on Wallaby/Linux

XPMEM Cycles
xpmem_make() 1,585
xpmem_get() 15,294

xpmem_attach() 2,414
xpmem_detach() 19,183
xpmem_release() 693

POSIX Shmem Cycles
Sender shm_open() 22,294

ftruncate() 4,080
mmap() 5,553
close() 6,017

Receiver shm_open() 13,522
mmap() 16,232
close() 16,746

Note: Measured only once.

6.2 Page Fault Overhead
Figure 5 shows the time series of each access using the same mi-
crobenchmark program used in the preceding subsection. Element
access was stridden with 64 bytes so that each cache block was
accessed only once, to eliminate the cache block e�ect. The left-
hand graphs show spikes with 4KiB page size. The spike heights
of XPMEM are higher than the ones of POSIX shmem, however,
the PiP process mode and PiP thread mode show the lowest spike
heights. With XPMEM and POSIX, a PF happened every time a
new memory page is accessed. The spikes in PiP are the time spent
for the translation lookaside bu�er (TLB) misses. In PiP, the whole
array was touched at the time of initialization by the root task, and
all required PT entries were created then.
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Note: Measured only once. The upper graphs show the time series using POSIX
shmem and XPMEM, and the lower graphs show the time series using PiP. Both
graphs on the left-hand side show spikes with 4 KiB page, and the graphs on the
right-hand side show spikes with 2 MiB HugeTLB.

Figure 5: Time series of array access with 64 bytes stride on
Wallaby/Linux

The right graphs show the same benchmark but using HugeTLB.
POSIX shmem cannot handle the HugeTLB on this Linux kernel.
XPMEM does show huge spikes again on the every 4 KiB page
boundary. We consulted the XPMEM device driver source code



SNAPでの評価  19



HPDC’18 で最優秀論文賞  20



PiP – まとめ  21

● 従来の２つのノード内並列実行方式、プロセス並列とスレッド並列
のいいとこ取り

● これまでに提案された方式と異なり、ユーザレベルで実装される
● PiP により、以下の利点が期待される
● より高速なノード内通信
● より低メモリ消費な並列実行環境



Github
 22

https://github.com/RIKEN-SysSoft


